The purpose of this study was to compare skeletal maturity index and dental developmental stages based on skeletal malocclusion.
Ⅰ. Introduction
Determining skeletal maturity index and dental developmental stage are essential when form a scheme the orthodontic treatment plans for young patients 1) . Since use of functional appliance or extraoral appliances can be used until growth stops, it is important to know development stages to form a scheme for orthodontic treatment 2) . The success and failure on early orthodontic treatment is doing the treatment at an appropriate time, especially for growing children. As this paper is mainly based on comparing and analyzing the relationship between skeletal maturity index and dental developmental stage, this research will be very useful on finding out the adequate point of time on growth stage. To determine precise developmental stages, chronological age, skeletal maturity index and tooth calcification are used. Within a similar chronological age range, children may display individual discrepancies in their skeletal maturity index and dental developmental stage 3) . Because variability of chronological ages are larger, skeletal stages are often used to determine the developmental stage. Skeletal maturation development stages of Fishman is commonly used because of its oraganized and simple way to determine the level of maturation 4) . Tooth developmental stages are determined by erupting stage or calcification stage. Since variation of tooth eruptions are often observed by delayed eruption of permanent tooth, ankylosis and other local factors, Demirjian' s method based on stages of tooth development is widely used because of its simplicity and accuracy 5) .
Even though Demirjian found that dental developmental stage and skeletal development are irrelevant, there have been many reports on the association between dental developmental stage and skeletal maturity index.
There are other report that calcifications stage of lower canine and pubertal age has a close relationship 6) . In addition, the chronological age of patients also has a close association with skeletal maturity index and dental developmental stage 2, 7) . As growth and development accompany both skeletal maturity index and dental developmental stage, a close association between these parameters is expected and observed.
There was a lot of studies about comparing and analyzing the relationship between skeletal maturity index and dental development stage, but studies about comparing and analyzing the relationship between skeletal maturity index and dental developmental stage, depending on skeletal malocclusion are very few. The different growth velocity between skeletal class II and other was observed, which tells us that late eruption of the mandibular molars has a close relation with class II malocclusion 8) . In addition, long face has a trend to have an advanced dental maturation than short face among same chronological age people 9) and skeletal open bite has earlier development tendency than skeletal deep bite 10) .
However, there is almost no report on dental development stages association with skeletal class I, II, III determined by APDI (anteroposterior dysplasia indicator) value which demonstrates maxilla and mandible overgrowth or undergrowth differenciation. Many studies about comparing and analyzing the relationship between skeletal maturity index and dental developmental stage have been introduced, but this paper will probably be the one of the first research with Korean children and so will provide a significant information to other paediatric dentists. The purpose of this study was to compare skeletal maturity index and dental developmental stage based on skeletal malocclusion.
Ⅱ. Materials and Methods
Subjects
This study was approved by our local institutional review board and was performed in accordance with the Helsinki Declaration. A total of 237 patients were reviewed for this study. The inclusion criteria were (1) patient age between 6 and 14 years old, (2) 
Evaluation of dental developmental stage progress
For this particular study, Demirjian' s method was utilized for analysis of dental developmental stage ( Fig. 1 ) 5) . Using Demirjian' s method, it was concluded that the growth stages of the left and right teeth appeared to have been the same, allowing the experimenter to examine the left mandiblar teeth for evaluation of dental developmental stage.
Analysis of skeletal maturity index
In this experiment, the growth stages of patient skeletal maturity index were determined using Fishman' s method. Hand-wrist radiographs of the skeletal maturity index taken from a total of 192 experiment subjects were sorted using Fishman' s method and then subsequently categorised into 11 different stages using Skeletal Maturity Indicators (Fig. 2) 11)
.
Statistical methods
The samples were analysed using the chi-square test, logistic regression models, and the independent sample t test. The recorded data were analysed using the SPSS A: There is no fusion, but there is calcification at the superior crypt. B: Calcified points are fused to unite the occlusal surface. C: At the occlusal surface, enamel formation is completed. Dentinal deposition is observed. D: Crown formation is completed at the cementoenamel junction. The pulp horns are beginning to differentiate. Root formation is observed. E: Pulp chamber is now observed by straight lines except for the pulp horn. Crown height is longer than the root length. F: The pulp horn is beginning to display a semi-lunar figure for bifurcation teeth and a triangle form for uniradicular teeth. Crown height is equal or less than root length. G: Root formation is almost complete,but its apical end is still open. H: Both root formation and periodontal ligament formation is completed.
skeletal maturity index. The statistical significance of the coefficients in the logistic regression models was tested using Wald statistics. The odds ratios and confidence intervals were calculated from the regression coefficients. The differences of selected clinical parameters between the class II malocclusion and class III malocclusion groups were compared with an independent sample t test. The significance level was set as p < 0.05.
Ⅲ. Results
The average of each variable is listed in Table 1 The bivariate analysis revealed a significant difference between selected clinical parameters and skeletal maturity index ( Table 2 ). The multivariate logistic regression model indicated some relation between skeletal maturity index and selected clinical parameters ( Table 3 ). The patients who had higher skeletal maturity index were 11.43 times more likely to be female than those having a lower skeletal maturity index. The patients who had higher skeletal maturity index were 20.62 times more likely to have canine calcification than those patients with a lower skeletal maturity index. The patients who had higher skeletal maturity index were 6.32 times more likely to have first molar calcification than patients with a lower skeletal maturity index. The patients who had higher skeletal maturity index were 9.78 times more likely to have second molar calcification than patients having a lower skeletal maturity index. There was no relation between skeletal maturity index and premolar calcification. The bivariate analysis indicated significant differences between some dental developmental stages and class II and III classifications ( Table 2 ). The difference in dental developmental stage between groups is listed in Table 4 .
The dental developmental stage of the canines was significantly different between the class II and class III groups. The dental developmental stage of the canines in the class II group was 7.29 ± 0.79 years and in the class III group was 6.74 ± 1.27 years. The dental developmental stage of the first premolars in the class II group was 7.11 ± 0.88 years, but it was 6.44 ± 1.45years in the class III groups. There was also a significant difference between groups in the first molar and second molars. The dental developmental stage of the first molars in the class II group was 7.80 ± 0.40 years, but it was 7.56 ± 0.54 years in the class III group. The dental developmental stage of the second molars in the class II group was 6.40 ± 1.14 years, but it was 5.73 ± 1.60 years in the class III group. However, there was no significant difference between groups in the dental developmental stage of the second premolars.
Ⅳ. Discussion
In this study, the association between the dental developmental stage of each tooth and selected clinical parameters was examined. The dental developmental stages of the canine, first molar, and second molar were significantly associated with skeletal maturity index in the multivariate logistic regression mode. The dental developmental stages of the canine, first premolar, first molar, and second molar were significantly different between the class II and class III groups.
The relation between skeletal maturity and dental development has been controversial. Hagg et al. claimed that skeletal maturity and dental development do not have a significant association 12) . However, Suma 13) and Krailassisi 14) reported there is a significant association between skeletal maturity index and dental developmental stage. In our study, there was significant association between the skeletal maturity index and the chronological age. Chertkow 6) reported that males have a higher skeletal maturity index than females. In this study, there was a significant association between sex and skeletal maturity index. The patients who had a higher skeletal maturity index were 11.43 times more likely to be female than those having a lower skeletal maturity index. The conflicting results with previous studies might be due to earlier increases in skeletal maturity index in female patients than in male patients. The peak high velocity in females occurs earlier than that in males 15) .
There have been few reports examining dental developmental stage and skeletal maturity index. The maxillary second molar may erupt earlier with class II malocclusion compared with class I malocclusion 16) . In the same study, there was no association between skeletal malocclusion and calcification except for the second molar 16) . The early calcification of the teeth may be an indicator of early termination of skeletal growth. In some syndromic cases, such as cleidocranial dysplasia, patients display delayed eruption of teeth, short stature and an underdeveloped mandible 17) . However, it is very hard to explain the relation between the first premolar calcification and the facial skeletal growth. Therefore, we analysed the difference between the patients having mandibular undergrowth and the patients having mandibular overgrowth in regards to tooth calcification.
A comparison of the chronological age between the class II and class III groups revealed no significant difference. Therefore, there was no sampling bias between the class II and class III groups in terms of chronological age. As skeletal maturity index is a similar concept to chronological age, it also did not display any significant difference between the groups. Interestingly, there was a significant difference between groups in canine, first premolar, first molar and second molar calcification. The ANB angle (Angle between A point, Nasion, B point) and the distance between the ANS (anterior nasal spine) and PNS (posterior nasal spine) have positive correlation to earlier calcification of the maxillary molars18). As the ANB angle is larger in class II patients than class III patients, class II patients display earlier calcification and higher dental developmental stage than class III patients. Our results also indicated that class II patients displayed significantly higher dental developmental stage than class III patients except for the second premolars.
As chronological age increases, skeletal maturity index will also be accordingly higher. Therefore, the sampling bias has a high impact on the final statistical results.
For example, if the class III group had many elderly patients, the skeletal maturity index and dental developmental stage in the class III group would be higher than the other groups. In this study, chronological age was significantly associated with skeletal maturity index expected. However, there was no significant difference between the class II group and class III group in chronological age. Thus, there was no significant sampling bias between the class II group and class III group. The main limitation of our current preliminary study was the size of the sample in each group, which was insufficient to avoid sampling bias. This limitation should be considered in interpreting the results.
The data of tooth maturity of canine, first premolar, second premolar, first molar, and second molar shows that the skeletal maturation stage is significantly related to skeletal class III group as well as skeletal class II malocclusion group.
The results of this research shows correlation between skeletal maturity index and the chronological age which is similar to previous reports. Furthermore, there was a difference between gender. Patients who had a higher skeletal maturity index were 11.43 times more likely to be female than those having a lower skeletal maturity index. The tendency of earlier occurrence of peak high velocity in females may have affected the result.
A comparison of the chronological age between the class II and class III groups revealed no significant difference. However, class II patient displayed higher dental developmental stage than class III patients in all teeth except for the second premolars.
Even though the dental developmental stages of the canine, first molar, and second molar were significantly associated with skeletal maturity index, there was no significant relationship between skeletal maturity index and premolar calcification. We may assume that younger samples might be the cause.
Ⅴ. Conclusion
In conclusion, dental developmental stage was significantly associated with skeletal maturity. In addition, there was significant difference between class II and class III malocclusion with some types of tooth calcification.
